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Intraluminal injections of neoprene or latex have been
used for several years as a means of determining the exact
site of fluid collection along the renal tubule during micro-
puncture experiments. After the tubules have been injected,
it is the usual practice to excise a small wedge of tissue
surrounding the injected tubule or nephron and then treat
the tissue with concentrated hydrochloric acid to effect
solidification of the latex column and maceration of the
surrounding tissue. The latex "cast" is then dissected free
of the macerated tissue and appropriate measurements are
taken from the anatomic point of reference (glomerulus for
proximal tubule, macula densa for distal tubule) to the site
of puncture. The location of the puncture site can then be
expressed in terms of its relative distance from the beginning
of the proximal or distal convoluted tubule. However, since
the epithelium of the injected tubule undergoes maceration
in the hydrochloric acid, direct and parallel histological
observations at the site of puncture have not been possible
as a rule. The present report describes the use of intralumi-
nal latex injections to aid in the histological identification
and characterization of the epithelium at the exact site of
micropuncture. The technique can also be used to aid in the
positive identification of the epithelium within other seg-
ments of the same tubule that are more distant from the site
of puncture. Use of this technique permits the simultaneous
evaluation of function and structure under identical phys-
iological conditions via an analysis of the composition of
tubule fluid and an examination of cellular structure with
light and electron microscopy.
Material and Methods
The present studies were performed in mongrel dogs after
all physiological measurements had been completed in the
course of a variety of ongoing micropuncture studies. Dogs
were prepared for micropuncture as previously described in
this laboratory [1]. Individual tubules were first selected
and marked with nigrosin. Each tubule was then entered
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with a micropipette containing an aldehyde fixative suitable
for tissue preservation for both light and electron micro-
scopy. The fixatives used in the present study were 6.25%
glutaraldehyde buffered in 0.2 M sodium cacodylate (os-
molality: 850 mOsm/kg H20) or a combination of glutar-
aldehyde-formaldehyde [2] diluted to half-strength and
buffered with potassium phosphate (osmolality: 980
mOsm/kg H20). All fixatives contained 1 % lissamine green.
The individual tubules were perfusion-fixed in vivo for three
to five mm. Thereupon, each fixed tubule was re-entered
at the same site with a second latex-filled micropipette
(General Biological Supply House, Chicago, Illinois) and a
small cast was formed at the exact micropuncture site. To
aid in marking the exact site of puncture, latex was per-
mitted to infiltrate the immediately adjacent interstitium.
In some instances the latex was intentionally permitted to
extend retrograde or antegrade for varying distances along
the tubule, thereby making it possible to identify the distal
segment of a nephron when the puncture site was located in
the proximal tubule, or vice versa. After completion of the
latex injection, the tubules were dissected free of the sur-
rounding renal tissue and fixed for an additional two to six
hours in the same fixative solution (without lissamine
green) that had been used for the initial microperfusion
fixation. The tissue was then rinsed for 16 to 18 hours in a
potassium phosphate buffer with 18% sucrose (osmolality:
900 to 950 mOsm/kg H20). All tissue was post-fixed for one
to two hours in I % osmium tetroxide buffered in s-
Collidine or potassium phosphate. The tissue was subse-
quently dehydrated in a graded series of alcohols followed
by propylene oxide before embedding in Epon epoxy resin
[3]. Sections one micron in thickness were cut and stained
with toluidine blue [4] for light microscopic evaluation.
Thin sections, 400 to 600 A in thickness, were cut with
diamond knives and stained with aqueous uranyl acetate
[5] and lead citrate before evaluation in an AEI 6 B electron
microscope.
Results
Renal tubules injected with latex wore easily identified by
light microscopy. Variable amounts of latex which stained
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light blue with the toluidine blue stain were present within
the lumen of the individual tubules (Figs. 1—3). Near the
injection site a discrete cast or plug of latex was usually
present in the tubule lumen. However, in proximal tubules
filled by retrograde injection from a distal puncture site,
Fig. 1. Photomicrograph of an epon section one micron in thickness
stained with toluidine blue. A superficial cortical collecting duct
(CD) is shown filled with latex. A portion of the renal capsule
(arrow) is present above. C, peritubular capillary; PT, proximal
tubule (magnification x 650).
Fig. 2. Photomicrograph of an epon section one micron in thickness
stained with toluidine blue. A superficial distal convoluted tubule
(DCT) is shown filled with latex. Latex was intentionally allowed
to infiltrate the renal capsule adjacent to the site of puncture
(arrow). C, peritubular capillary; PT, proximal tubule (magni-
fication x 750).
casts were less often present, Instead a coarse flocculent
precipitate of latex was found adjacent to the brush border
(Fig. 3). Latex intentionally injected into the surrounding
tissue at the actual site of micropuncture was also easily
identified by light microscopy (Fig. 2). There was no
evidence that the latex had caused disruption or distortion
of the apical cell surface of the proximal or distal tubules.
The results were confirmed by electron microscopy. The
latex was electron dense and therefore it was distinguished
easily from the apical plasmalemma of the cells lining the
injected tubule (Figs. 4 and 5). In the proximal tubule the
microvilli forming the brush border were well preserved
and showed no evidence of disruption from the latex in-
jection (Fig. 4). Even though the latex casts often filled the
entire lumen of the distal tubules, there was no suggestion
that excessive swelling or shrinkage of the latex during
fixation, subsequent dehydration or embedding had caused
any alteration of normal cell structure,
Discussion
The present report describes a simple and convenient
method for positive histological identification of the epi-
thelium lining the tubule at the site of micropuncture. The
technique permits both light microscopic and electron
microscopic evaluation and identification of the individual
tubules or specific segments of tubules under study. If
histological identification of the exact site of micropuncture
is necessary, the latex cast must be kept small and prevented
from extending either retrograde or antegrade from the
injection site for any appreciable distance. In addition, by
Fig. 3. Photomicrograph of a one micron epon section stained with
toluidine blue depicting the typical appearance of a proximal con-
voluted tubule containing latex (arrow). The latex was injected
at a distal micropuncture site and perfused in a retrograde manner
into the proximal tubule (magnification X 460).
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Fig. 4. Electron micrograph demonstrating the appearance of
latex (arrow) within the lumen (L) adjacent to the brush border
(BB) of a proximal convoluted tubule (magnification X 15,000).
intentionally infiltrating the adjacent interstitium, positive
identification of the exact site of entry into the tubule is
aided. With the use of serial one micron sections, the exact
point at which the latex extends outward from the tubule
lumen through the epithelium into the surrounding inter-
stitium can be identified. By permitting a longer length of
tubule to fill with latex, it is possible to identify the distal
segments of a nephron whose proximal segment has been
punctured, and vice versa. In fact, any segment of the
nephron can be identified and examined histologically once
it has been perfusion-fixed and filled with latex.
Another important feature of the technique lies in the
fact that the latex-containing renal tubules can be pro-
cessed in a routine manner for both light and electron
microscopy. It is not necessary to alter the usual procedures
that are used by most histological laboratories to prepare
tissue for light microscopic or electron microscopic eval-
uation. The latex withstood the primary fixation with the
aldehydes, the secondary fixation with osmium tetroxide,
the alcohol and propylene oxide dehydration and the epon
infiltration and polymerization. The sectioning charac-
teristics of the latex were similar to those of renal tissue and
no difficulty was encountered as the sections were cut for
either light or electron microscopy. Evidence of damage to
the diamond knife was not detectable. The latex stained
positively with toluidine blue, thus aiding in its identif I-
cation at the light microscopic level. This was also true of
latex that had been permitted to infiltrate the surrounding
Fig. 5. Electron micrograph depicting latex within the lumen (L)
of a cortical collecting duct. C, peritubular capillary; magnif i-
cation x 10,500.
renal tissue at the site of micropuncture. Finally, the latex
was stable in the electron beam of the electron microscope
under normal operating conditions.
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